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(57) Abstract 

Apparatus (10) for testing blood comprising a single substantially rectangular transparent plastics moulding. The appara 
tus has a hollow (12) connected by five capillaries (14) to chambers (16A-E) each of which contains an impregnated permeable 
membrane. Further capillaries (18) lead from the chambers (16) decreasing in diameter along their length to respective indication 
chambers (20A-E). Each of the chambers (20) is such that, when blood passes thereinto either an indication thereon is obscured 
or an indication is provided on a previously plain background. Each of the chambers (20) is connected to atmosphere by vent ca 
pillaries (22). " ^ 
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This invention relates to apparatus for, and a 
method of testing liquids, particularly but not 
exclusively blood. 

Many immunological tests are performed by 
determining antibody/antigen reaction by the presence of 
agglutination. The physical method of agglutination ^ 
involves overcoming the zeta potential of particles (the 
natural repelling force) to make them adhere to each 
other and so form a mass of particles. To enable these 
particles to adhere to each other and overcome their 
natural repelling force it is necessary to either reduce 
their zeta potential or to physically bridge the gap 
between the particles. If this is achieved then 
agglutination occurs with the consequence that large 
agglutinates become visible to the naked eye. A widely 
known example of this is in determining blood groups 
where agglutination of red cells (haemagglutination) 
determines the presence of an antigen or antibody. 

A red blood cell that carries the , A I antigen will 
cause haemagglutination in the presence of 1 A 1 antibody 
(Anti-A). This antibody which generally has five binding 
sites will cause haemagglutination by one site binding 
onto a red cell with the 1 A 1 antigen and another site 
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binding with a similar adjacent red cell, the end result 
being bridges formed between masses of red cells to form 
an agglutinate clearly visible to the naked eye. The 
haemagglutination method has been and still is the only 
method used for determining blood groups. A certain 
combination of tests with Anti-A, Anti-B, Anti-AB and 
Anti-D will determine whether a blood sample is 0, Rh 
positive etc. Blood grouping is not, of course, 
restricted to A,B,0 and Rhesus, these being the most 
common determinations but can extend through the whole 
blood group system. 



Most blood grouping requires a quite complex series 
of tests which already have been automated in many 
different forms - all of which detect the presence or 
absence of haemagglutination. For many years (at least 
20) there has been a quick blood grouping system (Eldon 
cards) that have been used for confirmation grouping in 
the medical field as well as in education. Its principle 
is simple. Dried reagents are located on a card and a 
drop of blood is added to each reagent, this mixing 
causing the dried reagent to rehydrate and react with the 
red cells and agglutinate where appropriate; the pattern 
of agglutination determining the blood group. There is 
an increasing reluctance to use such an open system with 
the greater awareness of blood transmissable diseases. 
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Haemagglutination is not only restricted to. blood 
groups but may be used in many serological tests. 3 * 
Hepatitis, syphilis and HIV (AIDS) tests may be perfprmed 
using this method to determine the presence of the 
antibody to these diseases. 

According to the present invention there. is 
provided apparatus for testing for the presence of a 
substance in a liquid, the apparatus comprising means for 
locating a component which agglutinates with the 
substance or with the liquid when the substance is not 
present, means for supplying the liquid to the locating 
means to mix with the component, and passage means 
reaching from said locating means and including a 
restriction to flow whereby agglutinated material causes 
a reduction in flow of liquid through the passage means 
thereby providing a visual indication of the degree of 
agglutination. 

The passage means may include a capillary tube 
along the whole length of which the mixture travels only 
in the absence of the agglutination. ' lk 

The diameter of the capillary tube preferably 
decreases as it extends away from the locating : megns. 
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Desirably the capillary tube extends directly from 
the locating, means to urge the liquid through the 
locating means by capillary action. 

Alternatively or in addition the passage means 
includes a porous member with a pore size such that the 
mixture may only pass therethrough when substantially no 
agglutination occurs, and hence none of the substance is 
present. 



The capillary or porous member may connect with an 
indicator chamber. The chamber may be constructed such 
that presence of the mixture therein makes a previously 
substantially invisible symbol visible. Alternatively 
the chamber may be constructed such that presence of the 
mixture therein makes a previously visible symbol 
substantially invisible. 

The apparatus preferably comprises a plurality of 
locating means and passage means such that the presence 
of a plurality of substances can be simultaneously 
tested, each locating means including a different 
agglutinating component. 



In such an apparatus each 
different, and desirably one of 



symbol is preferably 
the locating means and 
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respective passage means is a control such that no 
component, or a component which does not agglutinate with 
any substance in the liquid or the liquid itself, is used 
in the locating means. 

The apparatus preferably comprises a collecting 
chamber connected to the or each locating means into 
which the liquid can be introduced. The collecting 
chamber and the or each locating means are preferably 
connected by a capillary tube such that the liquid is 
urged by capillary action in to the or each locating 
means. 

If the apparatus is to be used for testing blood, 
the components are preferably monoclonal antibodies, to 
which an anti-coagulant may have been added. 

The apparatus is preferably integrally formed and 
may be made of a transparent plastics material. 

Also according to the present invention there is 
provided a method for testing for the presence of a 
substance in a liquid, the method comprising adding the 
liquid to a component which agglutinates with the 
substance or with the liquid in the absence of the 
substance, and passing the mixture through a restricted 
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passage means whereby the flow of liquid is controlled in 
accordance with the degree of agglutination to give an 
automatic visual indication determined by the presence or 
absence of liquid downstream of the restriction. 

An embodiment of the present invention will now be 
described by way of example only with reference to the 
single figure of the accompanying drawings which shows a 
plan view of a blood testing apparatus. 

The drawing shows an apparatus 10 suitable for 
testing blood to give an indication of blood type. The 
apparatus 10 comprises a single substantially rectangular 
transparent component, made, for example, by moulding a 
Plastics material. The component 10 has a hollow 12 
formed in the upper surface in use thereof, towards one 
of its ends. The hollow 12 is of a size to accept a drop 
of liquid. Within the component 10 leading from the 
hollow 12 towards the other end, are five capillaries 14, 
each u leading to a respective one of five chambers or 
locating means 16A, 16B, 16C, 16D, 16E. 

Each chamber 16 contains a permeable membrane (not 
shown) which is impregnated with anti-coagulant. The 
membranes in chambers 16B, 16C, 160, 16E are also 
impregnated respectively with monoclonal antibodies, 
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namely Anti-AB, Anti-A, Anit-B and Anti-D. 

Further capillaries 18 lead from the downstream 
side of each of the chambers 16, to respective indication 
chambers 20A,B,C,D,E. The diameter of the capillaries 18 
reduce as they extend from the chambers 16 and have the 
shape of a reverse squashed 'S' . Vent capillaries 22 : 
lead from the opposite side of the chambers 20 and 
connect with atmosphere. The chambers 20 are constructed 
to either display an otherwise substantially invisible 
symbol, or to make an otherwise visible symbol 
substantially invisible, upon blood entering therein. 
The chamber 20A comprises a capillary arrangement shaped 
to form the symbol 1 OK 1 . The chamber 2tfB includes an 
arrangement to provide the symbol '0' . Chambers 20t arid.. 
20D have capillary arrangements to respectively show the 
symbols 'A' and 1 B 1 and these are provided against a, red 
background such that they are visible only if* th*! 
capillary is empty. Chamber 20E has a red cross* marked 
on it which is visible unless the chamber E is full of 
blood. 



In use, a drop of blood is placed in the hollow 12. 
Capillary action causes blood from the hollow 12 tp pass 
up the capillaries 14 into the chambers 16 to mix with 
the reagents impregnated in the membranes. The mixtures 
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thus formed are urged by capillary action along the 
capillaries 18. The converging of the capillaries 18 
causes further mixing of the mixtures. If agglutination 
occurs in the mixture this will tend to block the 
respective capillary 18 and thus the flow of blood will 
not reach the respective chamber 20. If blood reaches 
the respective chamber 20 it either causes the message 
already thereon to be obscured, or causes a message to be 
visible thereon. 



The chambers 16A and 20* and respective capillaries 
14,18,22, act as a control, and blood should always flow 
into the chamber 20A making the symbol »0K' visible and 
thus indicating that the apparatus 10 is functioning 
correctly. The chambers 16B and 20B and respective 
capillaries 14,18,22 indicate whether or not the blood 
group is 0, i.e. if agglutination does not occur with 
Anti-AB then blood will flow in the capillary 18 leading 
to chamber 208 to highlight the '0- symbol. The chambers 
16C and 20C, and 16D and 20D, act in a similar manner 
respectively for blood groups A and B, but in these 
instances the A or B symbol is highlighted if 
agglutination does occur. Chambers 16E and 20E show 
whether the blood is positive and this symbol will remain 
visible if agglutination with Anti-D occurs. 
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There is thus described a relatively simple system 
for automatically providing a readily visible indication 
of blood type. The apparatus of the invention can be 
inexpensively manufactured due to its simplicity of 
construction. The system does not require significant 
handling of the blood being tested with the risks 
involved therewith. 

Various modifications may be made without departing 
from the scope of the invention. for example it may not 
be necessary for the capillaries 18 to narrow. A 
membrane or other filter device which would block 
mixtures in which agglutination has occured and allow 
free passage for other mixtures, could be used instead of 
or within the capillaries 18. Different methods could be 
used to illustrate whether agglutination has taken place. 

A method of 'washing* a material, e.g. red blood 
cells, may be provided in which a reagent is passed 
through a permeable membrane which does not allow passage 
of the material, through the material ibto a reservoir. 
In the case of red blood cells saline solution may be 
passed through to remove serum previously added to the 
cells to allow passage of immunoglobulins as would be 
used in a Coombs test (Antiglobulin test). 
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Apparatus such as described can be used for many 
other medical tests. Obviously for such tests different 
relevant reagents will be provided in the chambers, and a 
different number of chambers may be required. This type 
of apparatus could be used for testing in the following 
fields. 



Rheumatoid Arthritis 
Pregnancy testing 
Glandular Fever 

Bacterial Identification 

S.L.E 

Hepatitis 

H.I.V. 

CM.V. 

Thyroid Antibodies 
F.D.P. 

Antibody screening 

Direct antiglobulin testing 



It would be possible to have more than one chamber 
containing reagents, whereby more than one reagent could 
be sequentially added. A network of branching could be 
used to facilitate various mixing alternatives. Further, 
a collecting chamber could be provided at the end of the' 
system. 
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Claims : 

1- Apparatus for testing for the presence of a 
substance in a liquid, the apparatus comprising means (16) 
for locating a component which agglutinates with the 
substance or with the liquid when the substance is not 
present, means (12,14) for supplying the liquid to'the 
locating means (16) to mix with the component, 
characterised in that the apparatus also comprises passage 
means (18) reaching from said locating means (46) and 
including a restriction to flow whereby agglutinated '.. i 
material causes a reduction in flow of liquicf through the 
passage means (18) thereby providing a visual indication 
of the degree of agglutination. 

• i - 

2. Apparatus according to claim 1, characterised in 
that the passage means (18) includes a capillary tube (18) 
along the whole length of which the mixture travels only 
in the absence of agglutination. 

3. Apparatus according to claim 2, characterised in 
that the diameter of the capillary tube (18) decreases as 
it extends away from the locating means (16). 

4. Apparatus according to claim 2 or claim 3, 
characterised in that the capillary tube (18) extends 
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directly from the locating means (16) to urge the liquid 
through the locating means (16) by capillary action. 

5. Apparatus according to any of the preceding claims, 
characterised in that the passage means (18) includes a 
Porous member with a pore size such that the mixture may 
only pass therethrough when substantially no agglutination 
occurs, and hence none of the substance is present. 

6. Apparatus according to any of the preceding claims, 
characterised in that the passage means (18) connects with 
an indicator chamber (2D>. 

7. Apparatus according to any of the preceding claims, 
characterised in that the apparatus comprises a plurality 
of locating means (16) and passage means (18) such that 
the presence of a plurality of substances can be 
simultaneously tested, each locating neans (16) including 
a different agglutinating component. 

8. Apparatus according to claim 7 when dependent on 
claim 6, characterised in that each passage means (18) 
connects with a different indicator chamber (20). 



9. 
on 



Apparatus according to claims 6 to 8 when dependent 
claim 6, characterised in that the, or at least one of 
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the, indicator chambers (20) is constructed such that 
presence of the mixture therein makes a previously 
substantially invisible symbol visible. 

10. Apparatus according to any of claims 6 to 9 when 
dependent on claim 6, characterised in that the, or at 
least one of the, indicator chambers (20) is constructed 
such that presence of the mixture therein makes a 
previously visible symbol substantially invisible. 

11. Apparatus according to claim 9 or claim 10 when 
dependent on claim 8, characterised in that each symbol is 
different. 

12. Apparatus according to any of claims 7 to 11 when 
dependent on claim 7, characterised in that one of the 
locating means (16) and respective passage means (18) ib a 
control such that no component, or a component which does 
not agglutinate with any substance in the liquid or the 
liquid itself, is used in the locating means (160. 

13. Apparatus according to any of the preceding claims, 
characterised in that the apparatus comprises a collecting 
chamber (12) connected to the or each locating means (16) 
into which the liquid can be introduced. 
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14. Apparatus according to claim 13, characterised in 
that the collecting chamber (12) and the or each locating 
means (16) are connected by a capillary tube (14) such 
that the liquid is urged by capillary action into the or 
each locating means (16). 

15. Apparatus according to any of the preceding claims, 
characterised in that the component or at least one of the 
components is a monoclonal antibody. 

16. Apparatus according to claim 15, characterised in 
that an anti-coagulant has been added to the or each 
component. 

17. Apparatus according to any of the preceding claims, 
characterised in that the apparatus is integrally formed. 

18. Apparatus according to any of the preceding claims, 
characterised in that the apparatus is made of a 
transparent plastics material. 

19. A method for testing for the presence of a substance 
in a liquid, the method comprising adding the liquid to. a 
component which agglutinates with the substance or with 
the liquid in the absence of the substance, characterised 
in that the mixture is passed through a restricted passage 
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means (18) whereby the flow of liquid is controlled in 
accordance with the degree of agglutination to give an 
automatic visual indication determined by the presence or 
absence of liquid downstream of the restriction. 

20. A method according to claim 19, characterised in 
that the passage means (18) includes a capillary tube (18) 
along the whole length of which the mixture travels only 
in the absence of the agglutination. 

21. A method according to claim 19 or 20, characterised 
in that the liquid is simultaneously added to separate 
different components. 

22. A method according to any of claims 19 to 21 , 
characterised in that if agglutination does not occur upon 
adding the liquid to a component a previously 
substantially invisible symbol is made visible. 

23. A method according to any of claims 19 to 22, 
characterised in that if agglutination does not occur upon 
adding the liquid to a component a previously visible 
symbol is made substantially invisible. 

25. A method for testing blood characterised in that 
separate portions of the blood are combined with different 
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monoclonal antibodies and the mixtures formed are passed 
through a restricted passage (18) such that if 
agglutination occurs flow ceases in the passage and if no 
agglutination occurs either a previously invisible symbol 
is made visible or a previously visible symbol is made 
substantially invisible thereby indicating the blood type. 
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